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Abstract 
The renewable energy sector is increasing in size and wind-farm technology has improved in leaps and bounds.  However the concepts of 
Health and Usage Monitoring and remote condition monitoring seem not to have kept pace. Whilst the manufacturers offer such technology, 
the user or owner communities have perhaps not understood the need and have not embraced the technology which could increase maintenance 
efficiency and increase availability.  Using an example of a failure in a gearbox after nearly 4 years of operation and which resulted in nearly 7 
weeks loss of availability, the paper identifies research questions that could produce a more enlightened maintenance regime for wind-farms 
based on usage and remote condition monitoring. 
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1. Introduction 
Wind Energy has a mixed press; it is either loved or hated.  
There is often a lot of resistance due to the environmental 
impact on the scenery and in some places such as National 
Parks, this is clearly justified.  In local communities such as 
on the edge of the Cotswolds at Shrivenham, there is one of 
the largest community owned wind-farms called Westmill 
Wind-Farm Ltd and there was certainly some local resistance 
to the wind turbines.  However, the benefits are now being 
more widely understood due to the creation of a Trust that 
provides education about both wind and solar power for 
visitors.  As the wind-farm and now the solar park are 
community owned and run, decisions are made by the Board 
who have been elected by the owner community who all have 
invested money and thus own shares in the wind-farm. The 
Trust is funded on an annual basis by 0.5% of the revenues of 
the Westmill Wind-Farm - roughly £5000-£6000 a year.  
Visitors are looked after by guides and it is through the 
guiding experience and as a share-holder that the issue of 
availability has become of interest to the author.  An 
unexpected fault in a gearbox early in 2013 created a large 
period of un-serviceability for one of the turbines which will 
clearly affect the shareholder dividend, not to mention 
concerns about the long-term reliability of the wind turbines.  
Availability of each turbine and how it is maintained is of 
considerable interest as the community will wish to see their 
investment protected and not be subject to a call for further 
investment to replace unreliable or poorly maintained 
components.  The paper poses some research questions which 
would need support of the Westmill Board and its Co-
operative community to obtain the necessary access to data to 
improve the long term through-life support. 
2. Westmill Co-Operative Wind-farm 
The Westmill wind-farm site is an old Second World War 
airfield and is now an arable farm. The flat open landscape is 
ideal with turbines spaced in a line approximately 150m apart 
at right angles to the prevailing south west wind.  The 
footprint of the five turbines and associated works is only 1% 
of the farm total area.   Mean annual wind speed was 
established over two years which predicted it to be 6.3m/s, 
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which suggests an annual output budget exceeding 12 million 
kWh, sufficient for over 2,500 homes annually. 
There are five turbines, each with three blades and capable 
of generating 1.3MW manufactured by Siemens in Denmark.  
The nacelle that houses the gearbox and generator hub is 49m 
from the ground and the rotor diameter is 62m, each blade 
being 30m long.  The tower itself weighs 54t and has the 
nacelle hub weighing 46t on top.  Finally, the rotor and its 
three blades weigh 30t.  This 130t mass of the whole turbine 
requires solid foundations which consist of about 330m3 of 
concrete and 36t of steel reinforcement. 
The turbines manufactured by Siemens are designed for 
land sites and can operate at low wind speeds although most 
of the electricity is generated at the higher wind speeds.  They 
operate at wind speeds between 10 – 55mph.  For maximum 
efficiency the blades are continually feathered automatically 
so as to adjust to the wind speed to keep the turbine operating 
at either 11rpm when generating minimum power or 19rpm 
when generating maximum power.  The wind-farm was 
commissioned in 2008 and the first electricity was generated 
on 19th February 2008.  Siemens provided the maintenance 
for the first 5 years and operated the wind-farm remotely. 
3. Operational Aspects 
The 5 year warranty and maintenance agreement with the 
supplier, Siemens ended on the 18 March 2013 and a new 
contract was initiated with Sinclair Knight Merz (SKM) again 
for 5 years.  Siemens and SKM carried out a turbine end of 
warranty inspection on 12–13 March 2013. 
3.1. Turbine performance.   
Historic data was used to establish a yearly budget of 
electricity generation; the data was collected over two years 
on site by monitoring wind at nacelle height.  This provides a 
baseline for negotiation with Companies who buy the 
electricity, usually based on a 2–4 year long contract.  In the 
first 5 years of operation it would appear that the budget has 
been somewhat optimistic and has been reduced now.  In 
particular over the last two years it seems that winds have 
been less strong and prolific as years before.   Performance 
over the first five years is shown in Table 1. 
 Table 1. Westmill electricity achieved vs. budget [1]. 
Period Budget Achieved 
2008 – 2009 12.36MWh 86% 
2009 – 2010 12.36MWh 84% 
2010 – 2011 12.36MWh 87% 
2011 – 2012 12.1MWh 80% 
2012 – 2013* 6.15MWh 87% 
 
It is interesting to note that in the current year of 5 months 
(November 2012 to March 2013) one of the turbines was 
 
 
* Part year includes allowance for outages 
stopped for 6.7 weeks due a gearbox failure, but so far this 
has had little effect on electricity generation against the 
budget for the year. 
3.2. Availability 
Availability is deemed as “the readiness to generate”.  This 
can be affected mainly therefore by the need to perform 
maintenance or the occurrence of faults requiring 
maintenance.  As the turbine control is done remotely, the 
faults that occur requiring maintenance activity might not just 
be with the turbines themselves but could be with the remote 
communication system for instance.  So far however, there are 
no instances that have been reported to Co-operative members 
of faults that are not directly concerned with the turbines 
themselves.  Clearly maintenance will require a turbine to be 
off-line and scheduled maintenance inspections take place 
every 6 months for each turbine.  These inspections take about 
a working day and there is a more major  inspection every 3 
years that is somewhat longer.  These maintenance downtimes 
have resulted in the need to have some allowance for 
downtime recognised in the figure for availability which is 
then contracted for and is 95%.  Clearly the wind doesn’t 
recognise the need for maintenance and a scheduled 
inspection must be performed on a calendar basis as planned 
and resourced by the maintenance organisation. 
Research Question:  What maintenance is calendar 
based rather than usage based and what is the 
justification for not using a use-based maintenance 
cycle?  
There is also provision in the contract for recompense for 
loss of generation capacity therefore if the availability falls 
below 95%.   On the other hand the Westmill Co-operative 
bears any loss of income providing the availability exceeds 
95%.  It is not clear whether this is based on an annual, 
monthly or rolling basis though. 
Table 2. Availability Record [1]. 
Year Availability 
2008 N/A 
2009 N/A 
2010 97.6% 
2011 99.1% 
2012 99.4% 
Year to date >95% 
 
In 2011 the only faults reported were 5 hydraulic oil 
temperature errors on three turbines with 16.6 hours 
downtime.   In 2012 the tower vibration problem is reported 
but with minimal downtime [1]. 
In the current year to date, despite the gearbox failure and 
the loss of one turbine for 6.7 weeks, the estimated 
availability has still not been less that 95% in the current year 
so Westmill bears the loss of income for this turbine not 
generating electricity over that time. However the cost of the 
gearbox replacement was certainly and luckily covered under 
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the warranty.  At the same time another turbine was down for 
a short period with an MV breaker cut-out and that turbine 
was out of commission for 4 days and which required a 
manual reset. 
3.3. .Availability Discussion 
With 20% of the wind generation capacity off line for 6.7 
weeks, it is surprising that availability has not dropped below 
the 95% level and there might be an optimistic interpretation 
being presented. 
With one turbine out for 6.7 weeks for a gearbox and 
another for 3 days, a total of 7 weeks over the first 5 months 
of the year have been lost, so one might do the availability 
calculation as follows: 
x 5 turbines x 52 weeks =260 
x 5 months with 5 turbines = 5/12 x 260  = 108. 
x 7 weeks lost to faults  
x Availability =  101/108 = 93% 
 
This does not take account of the scheduled maintenance 
downtime which might be another two weeks.  But if it is 
assumed there will be no more downtime caused by faults, 
then for the whole year: 
x Availability is 260-7 = 253 
x Availability is 253/260 = 97% 
 
As wind turbine availability needs to be more than 95% to 
ensure no penalties are accrued to the maintenance contractor, 
there is perhaps some risk to the contract if the same fault is 
prevalent on the other turbine gearboxes. 
Research Question:  What is the reliability risk for the 
remaining turbines based on existing data and fault 
assessment? 
3.4. Maintenance 
Stoppage of individual turbines for faults sometimes do 
occur, but is generally unusual with the exception perhaps for 
tower vibration which causes a trip and a stoppage, but is then 
remotely reset; this occurs on average about twice a month 
and is inevitable with such large heavy structures with a rotor 
weighing 30 tonnes that is rotating in windy conditions.  Such 
stoppages are brief and have a negligible effect on the overall 
availability.  However routine maintenance will have a 
noticeable effect and has resulted in the 5% allowance for 
non-availability.  Whether this figure is realistic and only 
justified by the need for a specific number of maintenance 
days is another valid question.  Indeed there must be some 
allowance in this figure for unexpected faults, but what is a 
realistic allowance?  It could only be realistically based on 
historical data of the same type of turbine sited in similar 
environmental surroundings.  The latter aspect is perhaps 
neglected in such calculations but is vital as the turbines 
might be exactly the same but the wind conditions in the 
North Sea or on a mountain in Scotland are going to give 
completely different strains and stresses to the tower and all 
the moving parts. 
Research Question:  Based on historical data for the 
same turbines and taking into consideration their 
different operating environments, what is the realistic 
allowance in availability for both unexpected faults and 
scheduled maintenance? 
3.5. Unplanned Maintenance – A Case Study 
At the Westmill site on 29 January 2013, during a routine 
scheduled maintenance check, the gearbox of Turbine 4 was 
declared faulty.  Luckily this was still a few months before the 
end of the warranty period and before award of the 
maintenance contract to another Company rather than 
Siemens who had supplied the turbines and operated them for 
the first 5 years.   The fault was logged as a result of the 
inspector listening and determining an unexpected noise in the 
gearbox.  Note this is after climbing up inside the 50m high 
tower with tools and equipment.  On further internal 
inspection by endoprobe or fiberscope and associated camera, 
it was confirmed that there was a crack on the active profile of 
the IMS pinion of the gearbox.  These are the teeth taking the 
whole load transmitted by the rotating blades and nothing can 
be done in situ.  Thus the gearbox needed to be replaced.  This 
is not an easy job and requiring a spare gearbox to be found 
and a crane arranged that can reach the nacelle more than 50m 
high.  The turbine was thus out of commission for 6.7weeks. 
It seems incredible that there is little or no condition 
monitoring on these turbines yet the technology is available 
from turbine manufacturers such as Siemens, or from second 
tier suppliers such as Romax, David Brown or Ricardo.  Each 
has specialist condition monitoring equipments which can be 
remotely monitored.  Clearly the fault on this turbine could 
have had disastrous effects had it not been discovered by an 
alert ear of the maintainer on the routine inspection.  How 
long might it have kept running before catastrophic failure? 
Remote condition monitoring is surely a must for all turbines, 
particularly those in the North Sea where access is particularly 
difficult. 
Research Question: what condition monitoring 
technology is available and would be cost-effective to fit 
to such existing turbines to mitigate future faults and 
improve maintenance 
4. Conclusions 
From this limited study and from a Co-operative member’s 
perspective, there is some concern as to the long term 
reliability of the turbines themselves and the availability of 
replacement parts and components.  The turbines are believed 
to be a model that is no longer being built and thus there must 
be an obsolescence concern.  The lack of condition 
monitoring that can be monitored remotely is also a major 
concern.  Reliance on scheduled inspections and the trained 
ear of a maintainer is no way to maintain modern turbines. 
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